SUMMARY The objective of this work was to evaluate prospectively and cephalometrically the effects of the function regulator (FR) on dentoskeletal components during a treatment period of 28 months. The subjects consisted of 18 patients presenting with a Class II division 1 malocclusion, with a mean chronological age of 9 years 3 months at the beginning of treatment. The treated group was compared with a compatible control group of 23 untreated subjects observed during the same time period. Lateral cephalometric head films were obtained for the treated group at the beginning and after 28 months of treatment. The subjects in the control group belonged to a serial growth study sample from the Orthodontic Department at Bauru Dental School, University of São Paulo, for whom cephalometric head films were obtained annually from 4 to 18 years of age. The data for the control group were calculated from these head films. A student's t-test was used to compare the changes observed in the treated group with those in the control group. Differences were considered statistically significant at P < 0.05.
Introduction
The function regulator 1 (FR-1) was developed by Fränkel in 1967 (Fränkel and Fränkel, 1989) . Its conceptual method of action is based on orthopaedic principles that consider muscle exercise as an important factor in bone development (Bishara and Ziaja, 1989) . It differs from other functional appliances by protruding the mandible, ideally without contacting any mandibular teeth, and by causing an increase in both apical bases and maxillary and mandibular arch widths (Fränkel, 1969; Lubit, 1983; Bishara and Ziaja, 1989; Turner, 1991) .
Studies of the effects of the FR in the treatment of Class II malocclusions have variously demonstrated greater mandibular growth development, an absence of maxillary growth changes, an increase in lower anterior face height (LAFH), palatal tipping of the maxillary incisors, labial tipping of the mandibular incisors, and a greater vertical development of the mandibular molars compared with control samples (Creekmore and Radney, 1983; Falck, 1983; Haynes, 1983 Haynes, , 1986 Righellis, 1983; McNamara et al., 1985 McNamara et al., , 1990 Falck and Fränkel, 1989; Perillo et al., 1996; Toth and McNamara, 1999) . Additionally, statistically significant increases in mandibular intercanine and mandibular and maxillary intermolar distances have been reported (Hamilton et al., 1987) . Other investigators have found no increase in mandibular growth as a consequence of the use of the FR in the treatment of Class II malocclusions (Hamilton et al., 1987; Nielsen, 1984) .
The effects of the FR in Class II treatment have also been compared with those of fixed appliances associated with cervical extra-oral traction. The respective studies revealed that there was no difference in the amount of mandibular growth between these groups. There was a greater maxillary forward growth restriction and a greater increase in LAFH in the fixed appliance/cervical headgear groups (Gianelly et al., 1983; Adenwalla and Kronman, 1985; Remmer et al., 1985; Ghafari et al., 1998) . When compared with the activator, the FR demonstrated greater mandibular development, counterclockwise mandibular rotation, and greater stability of the mandibular incisor position (Nelson et al., 1993; Stüber, 1989 Stüber, , 1990 ). The increase in LAFH was greater with the activator (Courtney et al., 1996) .
However, most of the above results were derived from retrospective investigations, and only two evaluated the effects of this appliance after a treatment period of 2 years (McNamara et al., 1985; Hamilton et al., 1987) . Therefore, the objective of this study was to evaluate prospectively and cephalometrically the treatment effects of the Fränkel appliance in the treatment of Class II malocclusions as compared with a matched control sample in an effort to elucidate some of the persisting controversies of its effects, after a treatment period of 28 months. The following areas of the craniofaciodental complex were investigated: (1) maxillary skeletal component; (2) mandibular skeletal component; (3) maxillomandibular skeletal relationship; (4) facial growth pattern; (5) maxillary dento-alveolar component; (6) mandibular dento-alveolar component; (7) relationship between the maxillary and mandibular incisors and molars.
Subjects

Treated group
The treated group consisted of 18 patients, eight females and 10 males, with an initial mean age of 9 years 3 months. All presented with a Class II division 1 malocclusion with at least an end-to-end Class II molar relationship (1/2 cusp Class II). These patients were under treatment (for a mean period of 28 months) at the Orthodontic Department graduate clinic at Bauru Dental School, University of São Paulo, with the FR-1. The subjects were selected from a total sample of 23 patients who had begun treatment at the same time. Five were excluded because of lack of co-operation, detected after 1 year of treatment. Lateral cephalometric radiographs were obtained in centric occlusion (Broadbent, 1931; Williamson, 1981) for this group, at the start and after 28 months of treatment.
Control group
The control sample's cephalometric lateral films were obtained from the files of a longitudinal growth study at the Orthodontic Department of the same dental school and consisted of 23 subjects: 10 females and 13 males. All had Class II division 1 malocclusions with at least an end-to-end Class II molar relationship. In order to match the control group ages to the mean ages of the study group at the start and the end of treatment, four longitudinal sets of lateral head films for each control subject were used. The sets yielded values for each measurement at the mean ages of 8 years 5 months, 9 years 6 months, 10 years 6 months and 11 years 6 months. Based on these, the value for each variable at the mean ages of 9 years 3 months and 11 years 7 months were calculated. To obtain the value of the variable at the age of 11 years 7 months, that is beyond the last mean age of the control group, the monthly changes for each variable were added to the value of the variables at 11 years 6 months of age. The changes were evaluated for this 28 month period.
Characteristics of the appliances
The construction, adaptation, and use of the FR-1 were followed according to Fränkel and Fränkel (1989) and McNamara (1982 McNamara ( , 1993 . A maximum initial mandibular advancement of 6 mm was performed in patients with an overjet equal to or larger than this. Therefore, in subjects with an overjet larger than 6 mm, a second advancement was needed (Fränkel and Fränkel, 1989) . In patients with an overjet less than 6 mm, the mandible was advanced until an edge-to-edge incisor anteroposterior relationship was obtained (McNamara, 1982 (McNamara, , 1993 .
Method
The lateral cephalometric tracings were performed on acetate paper by a single investigator and then digitized (DT-11 digitizer; Houston Instruments, Houston, Texas, USA). These data were stored on a 586 Pentium IBM computer and analysed with the Dentofacial Planner 7.0 (Dentofacial Planner Software Inc., Toronto, Canada) which corrected the 6 per cent image magnification factor of the control group (Janson et al., 1997) and of the initial treated group radiographs. The magnification of the treated group radiographs after 28 months was 9.2 per cent, as a different X-ray machine was used. These radiographs were also corrected for enlargement. Figures 1-3 illustrate the measurements used.
Error study
Ten randomly selected radiographs were retraced, redigitized and remeasured by the same examiner. The 
Statistical analysis
The mean and standard deviation for each measurement was calculated to enable characterization of both the treated and control group. The t-test for independent samples was used for normal distributions verified by the Kolmogorov-Smirnov test (for initial and final values, as well as any differences). The results of these tests were not significant for any of the variables. A P value of <0.05 was considered as significant.
Therefore, t-tests were used to evaluate: (1) any initial differences in the dentoskeletal components between the treated and control groups, and (2) the differences in changes in each variable, between the treated and control groups during the 28 month treatment period.
Results
Both groups were initially similar, with the exception of the following variables: SN.OP, overjet, overjet (OP), MR, MR (OP). The results of the comparison between the groups are presented in Table 2 . 
Discussion
It is known that a Class II division 1 malocclusion is generally considered a heterogeneous generic malocclusion, with individuals presenting either with a prognathic maxilla and a normal mandible, or a normal maxilla and a retrognathic mandible, or even a combination of both. However, in this study the treated patients were selected solely on the basis of their , 1998) . The increase in ramus height was similar for both groups. It could be expected that a significant increase in mandibular body length would produce a significant increase in mandibular effective length. Nevertheless, this did not occur, probably because the difference in the increase in mandibular ramus height was not significant. Both groups presented a similar tendency for a slight decrease in Co.Go.Me as would be expected during mandibular development (Petrovic, 1994; Petrovic and Stutzmann, 1997).
As is known, the increase in mandibular body size could contribute to an improvement in mandibular protrusion (Pog-Nperp). However, although the mandibular protrusion was slightly greater in the treated group than in the control group, it was not statistically significant, probably because the greater increase in mandibular body length was not sufficiently large.
Maxillomandibular relationship
Interestingly, the changes in the angular maxillomandibular variables (ANB and NAP) did not present statistically significant differences between the two groups. This is in contrast to other authors who reported a significant reduction in ANB ( et al., 1985) .
Despite the absence of statistically significant differences when individually analysed, the changes in the proportion between maxillary and mandibular effective lengths (Co-A:Co-Gn) were statistically significant between the two groups. This seems to indicate that the treatment effects are more evident when the changes in different facial components are simultaneously considered as opposed to an analysis of single variables.
Facial growth pattern
There was no statistically significant difference for the variables FMA, SN.GoGn, SN.PP and SN.OP, as previously reported (Righellis, 1983; Gianelly et al., 1984; McNamara et al., 1985, 1990 ). The results of the variables SN.GoGn and SN.OP could be criticized because they presented, respectively, a statistically significant systematic error and a casual error above 2 degrees (Table 1) . Nevertheless, the other two variables did not demonstrate any intra-examiner error and showed a similar result. Both groups showed a slight tendency for a decrease in these measurements. However, with the exception of the variable SN.PP, it should be noted that this decrease was always smaller for the treated group, probably because of the differential eruption of the posterior teeth and the consequent increase in LAFH. As expected, the angle SN.OP showed a great variability in both groups, probably as a result of the replacement of the primary molars and canines by the premolars and permanent canines, especially if one considers that the occlusal contact of the primary molars or premolars was used to construct the functional occlusal plane.
The increase in LAFH in the treated group was significantly larger than in the control group, agreeing with several previous studies (Creekmore and Radney, 1983; Kerr et al., 1989; McNamara et al., 1990; Nelson et al., 1993; Courtney et al., 1996; Webster et al., 1996; Ghafari et al., 1998) . This increase is considered to be the result of posterior bite opening due to mandibular protrusion as induced by the construction bite (Fränkel and Fränkel, 1989) . Especially in subjects with an excessive overbite, this allows greater dento-alveolar vertical development of the mandibular posterior teeth.
The lower posterior face height (LPFH; S-Go) increased similarly in both the treated and the control groups. However, there was a statistically significant difference in the proportion between the LPFH and LAFH (S-Go/ANS-Me). Evidently this significant difference between the two groups was caused by the significantly larger increase in LAFH in the treated group.
Maxillary dento-alveolar component
The treated group had significant palatal tipping and a decrease in protrusion of the maxillary incisors compared with the control group ( Table 2) . Even considering that the variables 1.PP and 1.NA had statistically significant systematic errors and that 1.NA also had a casual error greater than 2 degrees, this would not compromise the comparison because the difference in the changes between the groups was accentuated and greater than the errors. According to Fränkel and Fränkel (1989) , this movement is consequent to the unfavourable contact of the maxillary incisors by the labial arch. They recommended that the labial arch should not contact these teeth and should not be activated. Fränkel and Fränkel (1989) (1982) stated that the labial arch should barely touch the labial surfaces of the maxillary incisors and recommended the use of the FR-2 in Class II division 1 because the upper lingual wire would help in controlling the tipping and vertical position of the maxillary incisors. Additionally, uprighting of the maxillary incisors can be very favourable in subjects with large overjets and accentuated labial tipping of the maxillary incisors, characteristic of Class II division 1 malocclusions. This is considered to be a mechanism to help in the correction of the overjet by the FOA (Bishara and Ziaja, 1989; Graber, 1994). Therefore, in these cases, contact of the labial arch on the maxillary incisors might be desirable, although not originally recommended by Fränkel (Fischer et al., 1987; Fränkel and Fränkel, 1989) . There was no restriction of the vertical development of the maxillary incisors in the treated group. This might be explained by the absence of contact of any part of the appliance on the incisal edges of these teeth. This is the reason why McNamara (1982) used the FR-2 in Class II division 1 cases, because this FR modification helps in controlling the vertical position of the maxillary incisors.
The dento-alveolar height as well as the anteroposterior position of the maxillary molars did not present statistically significant differences between the two groups. These results are similar to those of Hamilton et al. (1987) and McNamara et al. (1985) who did not find any restriction to the vertical development of the maxillary molars. Although it seems logical to expect that the contact between the occlusal rests and the molars could restrict their vertical development, emulating an activator (Harvold and Vargervik, 1971) in achieving the differential eruption principle of Harvold (McNamara et al., 1985) , the vertical force transmitted to them is probably not sufficiently great (Table 2 ). In fact, the occlusal rests were not designed for this purpose (Fränkel and Fränkel, 1989) . Some authors (McNamara et al., 1985 (McNamara et al., , 1990 Falck and Fränkel, 1989; Courtney et al., 1996) associate a restriction of the forward displacement of the maxillary molars with FR treatment. The effect of the FR on the maxillary first molars is considered to result from the palatal arch that contacts the mesial surface of the molars to provide the antero-posterior stability of the appliance (Fränkel and Fränkel, 1989; McNamara, 1993) . It would be expected that at least some of the distal muscle force would be transmitted against the maxillary molar (McNamara, 1982; Graber, 1994), preventing the physiological mesial displacement, which would help in correcting the Class II relationship. However, Fränkel and Fränkel (1989) considered that molar distalization was due to construction and/or manipulation errors of the appliance producing an accentuated activation and causing the appliance to work like a lip bumper, transmitting the mentalis and the retraction muscle forces to the maxillary molars. These errors, according to Fränkel and Fränkel (1989) should be avoided, especially in patients where the action of the appliance on the molars is not desirable. When increased changes on the maxillary molars are required, other more effective FOA are recommended, especially in association with extra-oral forces (Levin, 1985; Kigele, 1987; Lehman and Hulsink, 1989; Cura et al., 1996) .
Mandibular dento-alveolar component
The treated group did not present statistically significant antero-posterior changes in the mandibular incisors, in relation to the control group, contrary to the greater protrusion of these teeth reported previously (Schulhof and Engel, 1982; McNamara et al., 1985) . Eirew et al.
(1986) considered a protrusion of the mandibular incisors to be beneficial in subjects with mandibular crowding as well as in Class II division 2 cases and in patients with sucking habits and lingually tipped mandibular incisors. This effect has been termed as the 'activator effect' (Falck and Fränkel, 1989) .
The behaviour of the mandibular incisor dentoalveolar height (1-GoMe) was similar in both groups. The explanation for an absence of restriction of the dento-alveolar development of these teeth is similar to that of the maxillary incisors, that is, the absence of acrylic in contact with them (Fränkel and Fränkel, 1989; McNamara, 1993) . It has been claimed that the action of the two lower lingual wires in the presence of a deep bite is to prevent further eruption of the mandibular incisors (Fränkel and Fränkel, 1989) . However, this did not occur in this study. Other FOAs with an acrylic coverage of these teeth present a restriction of their vertical development (Harvold, 1974) .
There was no statistically significant difference in mandibular molar mesial displacement between the two groups (6-Pogperp). Probably the most interesting finding is the greater vertical development of the mandibular molars in the treated group: on average, almost 1.5 mm greater than in the control group . This difference between the groups was large enough to override the statistically significant systematic error presented by this variable (Table 1) . This vertical development has also been reported previously (Creekmore and Radney, 1983; Righellis, 1983; McNamara et al., 1985 McNamara et al., , 1990 Nelson et al., 1993) and is considered a determining factor to correct the deep overbite and the curve of Spee (McNamara, 1982) . Harvold (1974) considered that a greater vertical development of the mandibular molars, as compared with the maxillary molars, is essential to correct the molar relationship because it induces a more anterior positioning of the mandibular molars as compared with the maxillary molars.
Dental relationships
The changes in dental relationships were all statistically different between the two groups, showing an improvement in the treated group as compared with the control group. In the control group there was even a tendency for the overbite to increase ( Table 2) .
Correction of the overjet and molar relationship are the basis to evaluate the treatment success of a Class II malocclusion. These changes are consequent to other changes in several dentoskeletal areas. Few studies (Creekmore and Radney, 1983; Courtney et al., 1996; Webster et al., 1996) have cephalometrically evaluated the interdental changes with the FR. An association of several factors might have contributed to the overjet correction. There was a significant retrusion of the maxillary incisors (1-ANSperp) as well as a nonsignificant protrusion of the mandibular incisors (1-Pogperp) and improvement in the basal relationship (ANB, Wits) ( Table 2) . Therefore, it can be concluded that the overjet correction resulted primarily from dental changes. Creekmore and Radney (1983) found that overjet correction was in 37 per cent due to a retraction of the maxillary incisors and in 26 per cent due to a protrusion of the mandibular incisors. Similarly, Courtney et al. (1996) associated overjet correction to maxillary incisor retraction.
For overbite correction, both groups demonstrated a similar increase in the distance from the maxillary and mandibular incisal edges to the respective apical bases, evidence that the FR did not restrict the vertical development of these teeth. However, the control group showed a tendency for an increase in overbite and the treated group a slight tendency towards a decrease. Because there was no restriction of the vertical development of the maxillary and mandibular incisors, the explanation for the improvement of the overbite can only be based on the greater vertical development of the mandibular molars. Interestingly, Courtney et al. (1996) also reported a greater vertical development of the mandibular molars but did not find a difference in the changes between the patients treated with the FR-2 and the control group. This was probably because their evaluation period was only 18 months.
As previously discussed, the molar relationship improved as a result of the statistically non-significant individual changes in the maxillary and mandibular molars to their respective apical bases (6-ANSperp and 6-Pogperp). Another factor that may have contributed to this significant molar relationship improvement could have been differential eruption (Harvold, 1974; McNamara, 1982; Righellis, 1983; Graber, 1994) . As an example of the influence of vertical molar development in correcting the molar relationship, Graber (1994) estimated that it corresponds to approximately 1.5 mm of a total of 6 mm Class II relationship correction. In contrast to the present study, Creekmore and Radney (1983) reported greater distalization of the maxillary molars and mesialization of the mandibular molars. However, the improvement in the molar relationship observed in this investigation must be regarded with caution, because the two variables used as parameters presented a casual error larger than 2 mm (Table 1) .
Clinical considerations
Considering the importance of individual variation, it should not be assumed that all patients respond to treatment identically, i.e. the same magnitude and in the same time frame (Petrovic and Stutzmann, 1997). The results of the present investigation indicate that the FR is efficient in correcting the Class II relationship. Originally this appliance was designed to obtain this correction by altering the apical base relationship, chiefly by stimulating mandibular growth, with minimum contact with dental structures (Fränkel and Fränkel, 1989) . The results showed that most of the changes were dento-alveolar, with fewer skeletal changes, as also found by Bishara and Ziaja (1989). 
Conclusions
